Old landfills as emergent vulnerable ecosystems to salinization: soil characteristics and response of the plant species to increasing Na and anion contents by Pastor Piñeiro, Jesús & Hernández, Ana Jesús
 
Global Forum on Salinization and climate Change. 
FAO-Universidad Valencia-2010 
 
 
 
 
Old landfills as emergent vulnerable ecosystems to salinization: soil 
characteristics and response of the plant species to increasing Na and anion 
contents 
 
J. Pastor Piñeiro1 and Ana J. Hernández2 
 
1 J. Pastor Piñeiro, CSIC (Department of Environmental Biology) MNCN, CCMA.  
  c/ Serrano, 115 bis, 28006 Madrid, Spain. 
2 Ana J. Hernández, UAH (Department of Ecology) Sciences Building, External   
   Campus, Alcalá de Henares (Madrid), Spain. 
 
Keywords: Chlorides, sulphates, Na, electrical conductivity, plant autoecology, ecological profiles, 
semiarid environments. 
 
Summary 
The anion contents of soil samples taken from the discharge and slope areas of landfills are considerably 
elevated with respect to soils collected from ecosystems surrounding these landfills. In this study, 
greatest concentrations were observed for the more soluble ions Cl-, NO3- and SO4-2 and lowest 
concentrations for F- and P04-3. 
Species such as Bromus tectorum, Desmazeria rigida, Trifolium tomentosum, Anacyclus clavatus, 
Carduus tenuiflorus, and Diplotaxis virgata showed a preference for soils containing appreciable amounts 
of chlorides, sulphates, and sodium, and high electrical conductivities (EC). Of the species listed in the 
four ecological profile tables provided, Hordeum murinum, Bromus rubens, B. tectorum, Hirschfeldia 
incana and Polygonum aviculare, also showed a preference for soils with high values of these four factors 
and were followed by B. hordeaceus, Juncus bufonius, Spergularia rubra, Trifolium cernuum, Medicago 
polymorpha, Crepis vesicaria, Plantago coronopus and Reseda lutea.  
Trifolium tomentosum and Crepis capillaris predominantly grew in soils with “certain levels” of chlorides 
and sodium. Carduus tenuiflorus was most often found in high sodium soils with high conductivity. 
Diplotaxis virgata preferred soils with high contents of sulphates and sodium. Finally, Desmazeria rigida 
only grew in soils with a high EC. 
The species listed comprise the plants that are currently revegetating the steep slopes, "saline" soils and 
discharge zones of many landfills. These species are helping to reduce the pollutant leachates that 
eventually reach nearby streams, marshes and pastures. 
 
Introduction 
Many ecosystems are in weak equilibrium and vulnerable to human interference generating problems 
such as reduced availability of nutrients, with the consequence of diminished soil productivity, and soil 
pollution. In many disturbed ecosystems, the balance of mobile anions controls the entire ion equilibrium. 
Anion cycles are also very fragile and are constantly perturbed by abiotic, biotic and, above all, human 
factors. Hence, any study of mineral cycles should commence with experiments designed to determine 
the proportions of soluble anions transported by water in disturbed and natural ecosystems. 
 
The chemical pollutants of landfills close to a river are likely to be released into the fluvial network. 
Pollutants are then likely to affect aquatic life and will be a health hazard for the public at large. Through 
leaching, pollutants become dispersed in a stream, but some may also be adsorbed by soils and 
sediments. The contamination of surface water, underlying groundwater and bioaccumulation of pollutants 
in the surrounding biota are possible routes for these landfill leachates to affect the environment and its 
human or animal inhabitants. 
 
The composition of landfill leachates has been examined by many authors. Thus, Robinson and Maris 
(1983) determined the chemical composition of the soil and surface waters adjacent to a landfill, and 
Murray et al. (1981) assessed the extent to which landfill leachates pollute groundwater. In addition, Cyr 
et al. (1987) have provided physicochemical data on such leachates and their inorganic contents, 
particularly heavy metals. Following the exploitation and sealing of the landfills examined in these 
studies, no preventive measures were taken to avoid leachates reaching the areas outside the landfills.  
 
Among the landfill pollutants identified, inorganic soluble anions have attracted most attention since they 
control the entire ionic balance of an ecosystem. Several authors have noted that some inorganic 
contaminants, such as anions, continue leaching for decades. These anions, including chlorides, 
sulphates, nitrates, phosphates and fluorides, deserve greater attention because their effects on health 
are not well understood. Some are key elements for plant growth (nitrates, phosphates and sulphates), 
some are important soil organism nutrients and others such as fluorides can be harmful or toxic for 
animals and plants.  
 
The present study was conducted within the framework of our effort to address the ecology of 
representative native species able to grow in landfill covers or discharge areas.  These plants may serve 
to initiate the recovery of these environments, as well as minimize serious erosion problems. In previous 
studies, we dealt with some aspects related to this question (Pastor et al., 1993).  Herein, we focus on the 
botanical composition of landfill soils and those of other more or less degraded systems surrounding the 
landfills. We also analyze the main soil characteristics of the rooting soil in an effort to correlate specific 
plant compositions to several soil variables. 
 
In Central Spain (Madrid Autonomous Community, 6400000 inhabitants) there are many large old landfills 
that contain mixed urban and industrial residues. When sealed, these landfills were simply covered with 
soils from the surrounding areas and today they are found close to large towns in the Madrid region such 
as Móstoles, Villaviciosa de Odón and Navalcarnero. 
 
To minimize the negative impacts of these landfills on the soils of the area such as erosion, degradation, 
salinization, and pollution with heavy metals and organic compounds, along with effects on the natural 
flora and wild animals, the effects of the contaminants generated on the natural environment need to be 
examined in detail. In this study, we determined soluble chlorides and sulphates, exchangeable sodium, 
electrical conductivity and pH in cover soil samples taken from the slope and discharge areas of three old 
landfills in the towns mentioned above.  
 
Material and Methods    
Description of the landfills 
The three landfills examined were mixed domestic and industrial waste landfills in the west of the Madrid 
province overlying an arkosic substrate. UTM coordinates for the landfills are: Navalcarnero 414.8; 
4462.6, Móstoles 423.7; 4465.5 and Villaviciosa de Odón 421.8; 4466.8.  
Many landfills of solid urban and industrial waste are found on slopes, terraces and depressions, with 
steep gradients. Navalcarnero is the result of the infilling of a depression. Móstoles is situated over a 
depression and has a significant slope over a stream and Villaviciosa de Odón is situated on the terrace 
of a stream. The cover soil at these sites is affected both by erosion and pollution derived from leachates. 
The three landfills store urban and industrial waste and have an ondulating profile with slopes reaching 
heights of 15 to 60 meters. 
 
Their pedological and geological features are quite uniform, and they consist of arkosic soils. These are 
oligotrophic and have a neutral or acid pH and low nutrient contents. In the past, they were poor 
grasslands used for cattle grazing and hunting. Soil texture varies from sandy loam to clay. Their waste 
contents generally occur at a depth of about 30 cm although depths range from less than 10 cm to as 
much as 80 cm. Most of the leachates are scattered on the soil surface and affect the streams near the 
landfills. 
 
Mediterranean semiarid climate  
In Mediterranean climates in which intense storms frequently occur in spring and summer, the vegetation 
cover of a soil-sealed landfill plays an essential role. This cover can attenuate interactive processes of 
erosion and pollution, especially in its surface layers or slopes. When water percolates through solid 
waste in a landfill, it dissolves inorganic and organic components arising from degradation processes. 
This event generates polluted leachates determining a high environmental risk for both the landfill cover 
soils and surrounding ecosystems. The factors that condition effects on soil include leachate composition 
and volume, regional climate, hydro-geopedological characteristics such as substratum porosity, 
permeability and composition, annual rainfall, refuse quantity and quality, exploitation characteristics and 
age of the landfill site. 
 
Study samples: Control samples were taken from the topsoil layer of surrounding lands (fallow pasture 
lands, broom shrublands and oak forests of the secondary succession process). These systems represent 
a “gradient” of reference ecosystems for the landfills, given the predominance of therophytic herbaceous 
species, many of which are those that spontaneously grew before the land was abandoned.  This large 
sampling effort focused on different biotopes. The strata were selected by stratified sampling, based on 
soil and land use. In total, 147 phytoecological surveys were performed on the top 15 cm of soil, at 
randomly selected points corresponding to three landfills in the south of Madrid in several of the reference 
ecosystems. 
 
Analytical determinations: Soil extracts were obtained by shaking 10 g of air-dried soil (<2 mm) with 25 ml 
of deionised water in sealed glass tubes for 24 h in a cold room, according to the extraction methods 
described by Hernández and Pastor (1989). The resulting suspension was centrifuged for 20 min at 7000 
rpm and immediately filtered, preserving the supernatant. The extracts were kept refrigerated until 
analysis. The anion concentrations of soil extracts and leachates were determined by ion 
chromatography. The equipment used was a Dionex Chromatographe 4500i with PED detector, an AG4A 
precolumn, and AS4A-SC Dionex IonPack separator column. 
 
Results and Discussion 
 
“Ecological profiles” in the study of the ecological relationships of the plant species with 
the EC, chlorides, sulphates and sodium contents of the soils. 
 
To identify possible associations between frequencies/abundances and the physicochemical 
characteristics as anions or Na of the soils, the “ecological profiles method” (Guillerm 1971, Daget 1977a, 
b, Daget & Godron 1982, Loudy et al. 1995, Mesli et al. 2008) was used. Frequency data were converted 
to corrected frequencies (Gauthier et al., 1977).  
This method is based on the frequency distribution of a species in the different classes of a factor “the 
ecological profile of a species for this factor” and the “mutual information between the species and the 
factor”, which is the amount of information involved in the presence or absence of this species for that 
factor (see Lepart and Debussche, 1980). The method enables the determination of the effective factors 
and the “ecological indication” of the different species. It is based on the calculation of entropy and mutual 
information. This calculation is used to define the ecological groups. Both the input and the processing of 
files was carried out following the functions established by Gautier et al. (1977) and Legrand (1984). This 
frequency distribution reflects the behavior of each species with respect to the different classes of variable 
studied.  
 
Profile indices (Gauthier et al., 1977) are also shown in the tables.  The bottom rows of the profiles 
indicate the corrected frequencies only in cases where the class value is significant at the 95, 99 and 
99.9% (positive or negative) level, depending on the number of soils sampled in this class. The values of 
the profiles, clearly higher than 100, indicate the preference of the plants for same soils. 
 
 
 
 
 
 
 
Table 1. Soil pH, Na, Cl-, SO4, F-, PO4H2-, NO3- (mg/kg.) and E.C. (µS/cm) in the studied ecosystems. 
 
Ecosystems 
 
pH Na+ Cl- SO4 F- PO4H2- NO3- EC 
Landfills          
  Navalcarnero (discharge area) M 7.1 282.0 50.0 27.4 n.d n.d 9.38 1900 
n = 5         sd 0.3 48.7 7.0 34.9   3.51 1440
            Navalcarnero (slope) M 7.1 11.5 33.0 77.5 1.16 0.38 1.29 323.7 
n = 6 sd 0.4 12.0 26.7 127.6 0.75 0.17 0.24 205.9
    Villaviciosa (discharge area) M 7.0 65.0 25.2 11.5 n.d. n.d. 15.0 1500 
n = 4 sd 0.4 76.8 7.0 9.5   8.9 910
            Villaviciosa (slope) M 7.3 5.8 15.2 20.0 1.77 0.39 3.61 234.3 
n = 11 sd 0.2 5.2 18.0 7.6 0.69  6.25 69.0
     Móstoles (discharge area) M 5.8 132.5 31.3 34.7 n.d. n.d. 4.5 5960 
n = 22 sd 1.4 246,7 9.2 53.9   4.4 15780
           Móstoles (slope) M 6.9 3.4 21.1 33.3 1.30 0.36 2.1 246.6 
n = 8 sd 0.3 1.6 19.6 21.7 0.31 0.25 1.6 96.9
Anthropomorphic ecosystems  
(weed  communities, fallow plots) 
M 
6.0 2.0 10.8 10.6 0.85 1.48 6.0 135.6 
n = 35 sd 0.6 1.5 4.2 6.2 0.74 3.14 6.1 52.7
Grazed grasslands M 6.0 1.3 4.3 12.0 0.82 1.23 2.6 97.5 
n = 49 sd 0.5 0.4 1.2 37.8 0.52 1.71 2.7 62.6
Reference ecosystems  
(brooms  & oak thickets) 
M 
6.0 0.9 1.6 7.3 0.52 1.45 1.6 60.2 
n = 7 sd 0.5 0.3 0.4 7.2 0.37 0.6 1.3 9.1
n.d.: non detected; sd: standard deviation. 
 
The Table 2 provides a list of the 45 species or genera most commonly found in the discharge areas of 
the studied landfills. 
Table 2. List of the species (ordered by frequency) best represented in the discharge areas of the landfills. 
Hordeum murinum L. Convolvulus arvensis L. Cichorium intybus L. Malva neglecta Wallr. 
Bromus hordeaceus L. Trifolium tomentosum L. Aegilops geniculata Roth Eryngium campestre L. 
Lolium rigidum Gaudin Spergularia rubra (L.) J et C Presl. Aegilops triuncialis L. Crepis capillaris L. 
Trifolium campestre Schreber Andryala integrifolia L. Melica ciliata L. Scolymus hispanicus L. 
Cynodon dactylon (L.) Pers. Carex sp. Marrubium vulgare L. Elymus pungens (Pers.) Melderis  
Plantago  lagopus L. Geranium molle L. Onopordum sp. Phalaris minor Retz. 
Anacyclus clavatus (Desf.) Pers. Medicago polymorpha L. Daucus carota L. Trifolium cernuum Brot. 
Bromus madritensis L. Plantago coronopus L. Picnomon acarna (L.) Cass. Rumex crispus L. 
Echium vulgare  L. Bromus diandrus Roth Brassica sp. Carlina corymbosa L. 
Senecio vulgaris L. Trisetum paniceum (Lam.) Pers. Carduus tenuiflorus Curtis Gaudinia fragilis (L) Beauv 
Hirchsfeldia incana  (L.) Lagréze - Fossat Juncus capitatus Weigel Avena barbata Pott ex Link Centaurea melitensis L. 
Bellardia trixago (L.) All. Juncus bufonius L. Avena sterilis L. Vulpia ciliata Dumort 
Bromus rubens L. Medicago rigidula (L.) All. Bromus tectorum L. Trifolium repens L. 
Rumex sp. Taeniatherum caput-medusae (L.) Nevski Medicago minima (L.) Bartal.  
 
Extent and type of salinization  
 
Table 1 summarizes the results of our study of the soluble anion contents of the soils of the different 
landfills expressed as average concentrations in mg/kg. 
The table indicates that the lowest concentrations detected were those of F- and P04-3. Both these anions 
are strongly adsorbed on soil particle surfaces and are thus not really soluble. In contrast, the more 
soluble ions NO3- and S04-2 were detected in greater amounts. 
 
Observed impacts on ecosystems and natural resources  
The high Cl- and S04-2 contents detected in the soil covers of landfills have also been reported by Pastor 
et al. (1994) and Hernández et al. (1998). The higher nitrate contents observed in several of the samples 
may be attributed to constant grazing by sheep and rabbits.  
 
When the soil samples were ordered from more to less affected by landfill leachates on slopes or the foot 
of the landfills, of particular note were the high levels of sodium and chlorides and high EC detected in the 
discharge areas.  In the landfills of Villaviciosa de Odon and Móstoles, these areas occur on the banks of 
a stream. In all cases, soil fluoride and phosphate levels were low or undetectable. 
Tables 3, 4, 5 and 6 show the ecological behaviour of the species that were found to preferably grow in 
soils with high chloride, sulphate and sodium contents as well as high EC. 
Table 3. Ecological profiles (corrected frequencies and indices) of the species growing in soils with high 
soluble chloride contents. 
Family  Chlorides (mg/kg). 
3.0-7.5 7.6-12.5 12.6-2 20.1-30 30.1-50 50.1-171 Frequency 
 No. of relevés 
 
Species 
 N 
Entropy
 
species 
 
 Mutual 
 Information 
 
species-factor
 (32) (33) (34) (21) (21) (10) 
Gramineae                   
Bromus rubens 44 0.87 0.13 96 41 90 49 261 102 
     -   +++  
Bromus hordeaceus 91 0.97 0.08 57 95 102 118 134 132 
    - -    +  
Gaudinia fragilis 12 0.40 0.06 0 38 111 299 131 251 
       +   
Hordeum murinum 30 0.72 0.06 94 61 59 71 167 302 
     -    ++ 
Bromus tectorum 69 0.99 0.05 61 86 102 114 135 153 
    -      
Vulpia ciliata 44 0.87 0.05 53 83 90 114 196 102 
    -    ++  
Leguminosae                   
Trifolium tomentosum 58 0.96 0.08 40 134 104 111 148 156 
    - -    +  
Lathyrus angulatus 22 0.60 0.04 64 83 100 163 112 274 
         + 
Compositae                   
Crepis capillaris 45 0.88 0.04 94 61 78 111 175 134 
                 +   
Other species                   
Hirschfeldia incana 41 0.84 0.11 69 33 86 105 192 257 
     -   + ++ 
Polygonum aviculare 9 0.33 0.06 52 50 0 159 159 503 
         + 
Reseda lutea 8 0.30 0.05 0 57 111 45 359 188 
        +  
Juncus bufonius 8 0.30 0.05 58 0 111 0 359 188 
        +  
Plantago coronopus 33 0.76 0.04 42 124 94 65 152 183 
    -      
Spergularia rubra 52 0.93 0.05 54 96 93 96 165 145 
    -    +  
 
The data in Table 3 indicate that the grasses Bromus rubens, B. hordeaceus, Gaudinia fragilis, Hordeum 
murinum and B. tectorum show a clear preference for the soils of the landfill slopes. The profile obtained 
for Vulpia ciliata reveals a less clear preference for soils with high chloride contents.  
 
Within the family Leguminosae, Lathyrus angulatus appeared to prefer soils with high Cl levels, while the 
clover species Trifolium tomentosum showed a more ambiguous behaviour. 
Of the Compositae, only Crepis capillaris preferred soils with high chloride contents, yet tolerated soils 
with intermediate (12.6 to 30.0 mg/kg of chlorides) or low (< 12.5 mg/kg) chloride levels. Among the other 
family species: Hirschfeldia incana, Polygonum aviculare, Reseda lutea, Juncus bufonius, Spergularia 
rubra and Plantago coronopus thrived in soils with high chloride contents.  
 
The data in Table 4 indicate the clear preference for high soil soluble sulphate levels of Hordeum murinum 
and Bromus rubens, followed by Vulpia ciliata and Bromus tectorum.  The preference of Bromus 
hordaceus for sulphates was unclear. Among the Leguminosae, Medicago polymorpha and Trifolium 
cernuum preferred soils with high sulphate contents.  
 
Table 4. Ecological profiles (corrected frequencies and indices) of the species growing in soils with high 
soluble sulphate contents.  
Family Sulphates (mg/kg). 
8-12.5 12.6-20 21-30 31-45 46-66 66-845 
 Frequency 
 
N No. of relevés Species 
  
Entropy
 
species 
 
 Mutual 
 Information 
 
species-factor
 (31) (41) (26) (20) (16) (15) 
Gramineae             
Hordeum murinum 30 0.72 0.11 45 85 66 75 157 335 
         +++ 
Bromus rubens 44 0.87 0.06 93 58 65 120 150 205 
     -    + 
Vulpia ciliata 44 0.87 0.04 51 83 105 102 171 160 
    -      
Bromus tectorum 69 0.99 0.04 72 96 84 109 123 160 
         + 
Bromus hordeaceus 91 0.97 0.04 85 84 121 116 116 132 
Leguminosae             
Trifolium cernuum 20 0.56  0.09 68 36 29 151 377 100 
     -   +++  
Medicago polymorfa 7 0.27  0.05 130 0 0 107 269 287 
Compositae             
Centaurea melitensis 18  0.53 0.06 50 40 64 83 262 279 
        + + 
Other species             
Hirschfeldia incana 41 0.84  0.13 44 53 70 128 184 270 
    - -   + +++ 
Polygonum aviculare 9 0.33  0.08 0 0 64 251 209 335 
         + 
Spergularia rubra 52 0.93 0.07 52 84 89 116 199 135 
    -    ++  
Juncus bufonius 8  0.30 0.06 0 92 0 94 235 377 
         + 
Diplotaxis virgata 34 0.77 0.04 80 54 85 155 166 148 
     -     
 
Of the Compositae, Centaurea melitensis showed a clear preference for high soil sulphate contents. 
Among the species in other families, Hirschfeldia incana and Polygonum aviculare especially, and 
Spergularia rubra, Juncus bufonius and Diplotaxis virgata also preferred high soil sulphate contents. 
 
The ecological profiles of the grass species that grew in soils with appreciable levels of exchangeable 
sodium indicated a clear preference for this nutrient of Hordeum murinum, Vulpia myuros and Bromus 
tectorum. The behaviour of Bromus hordeaceus and Bromus madritensis regarding the exchangeable 
sodium contents of the soils was unclear. 
In the family Leguminosae, Trifolium cernuum preferred the higher Na soil contents, while Trifolium 
tomentosum was more indifferent.  Corrected frequency profiles and profile indices identified as preferred 
soils were those with levels of exchangeable sodium between 29.1 and 45.0 mg/kg. 
 
The ecological profiles of the three Compositae shown in Table 5: Crepis capillaris, Anacyclus clavatus 
Carduus tenuiflorus indicated their slight preference for soils with high sodium contents.  
 
Among the species of other families, Hirschfeldia incana and Polygonum aviculare clearly stood out 
followed by Spergularia rubra, Plantago coronopus and Diplotaxis virgata prefer relatively high sodium 
content in soils. 
Table 5. Ecological profiles (corrected frequencies and indices) of the species growing in soils with high 
exchangeable Na contents. 
Sodium (mg/kg) Family 
 5-11 11-17 17-29 29-45 45-350 
Species No. of relevés 
 
 Frequency 
N 
 
Entropy 
Species 
 
  
Mutual  
Information 
 
species-factor
 (63) (22)  (31) (17) (18) 
Gramineae         
Hordeum murinum 30 0.72 0.11 63 45 48 177 307 
    -    +++ 
Vulpia myuros 44 0.87 0.08 49 109 99 181 190 
Bromus rubens 44 0.87 0.07 81 93 44 201 171 
      - + + 
Bromus tectorum 69 0.99 0.06 100 89 80 167 121 
      - +  
Bromus hordeaceus 91 0.97 0.04 92 98 80 136 129 
       +  
Bromus madritensis 45 0.88 0.03 74 122 108 98 167 
         
Leguminosae                 
Trifolium cernuum 20 0.56 0.06 23 102 121 222 209 
    - -     
Trifolium tomentosum 58 0.96 0.03 90 82 83 168 117 
               +   
Compositae                 
Crepis capillaris 45 0.83 0.08 69 30 173 118 149 
    - - ++   
Carduus tenuiflorus 28 0.69 0.05 77 73 52 158 239 
         
Anacyclus clavatus 83 0.99 0.04 103 90 79 128 131 
            -      
Other species                 
Hirschfeldia incana 41 0.84 0.18 52 50 59 238 265 
    - -   ++ +++ 
Polygonum aviculare 9 0.33 0.06 0 152 127 296 186 
    -     
Spergularia rubra 58 0.93 0.04 73 79 112 136 161 
         
Diplotaxis virgata 34 0.77 0.03 91 60 71 130 197 
        + 
Plantago coronopus 33 0.76 0.03 76 101 72 196 183  
 
 
The information provided in Table 6 reveals that Hordeum murinum, Bromus rubens, Bromus tectorum, 
Desmazeria rigida, Medicago polymorpha, Carduus tenuiflorus, Chondrilla juncea, Hirschfeldia incana, 
Polygonum aviculare, Juncus bufonius and Reseda lutea, were all capable of growing in the landfill soils 
showing high electrical conductivity values. 
 
The values shown in Table 6 are those commonly found in landfills. Thus, the species listed could be in 
the process of revegetating the slopes (often steep slopes), saline zones and discharge zones of many 
landfills, and may therefore be mitigating the effects of pollutant leachates reaching nearby streams, 
wetlands and pastures. 
 
Table 6. Ecological profiles (corrected frequencies and indices) of the species growing in soils of high 
electrical conductivity. 
EC (µS/cm) 
43-75 76-95 96-125 126-185 186-275 276-695
Family 
 
Species 
 Frequency 
 
N 
Entropy 
Species 
  
 Mutual information
species-factor 
 No. of relevés 
    (25) (29) (27) (32) (26) (12) 
Gramineae                  
Hordeum murinum 30 0.72 0.17 40 0 74 110 154 377 
     - -    +++ 
Bromus rubens 44 0.87 0.07 54 59 63 117 184 142 
        ++  
Bromus tectorum 69 0.99 0.07 105 98 67 123 115 164 
      - -   ++ 
Desmazeria rigida 10 0.35 0.04 0 104 93 55 235 116 
        +  
Leguminosae                  
Medicago polymorpha 9 0.33 0.05 86 74 0 134 112 539 
         + 
Compositae                  
Carduus tenuiflorus 28 0.69 0.05 86 37 79 84 165 224 
         + 
Chondrilla juncea 16 0.49 0.04 75 97 139 147 101 157 
Other species                  
Hirschfeldia incana 41 0.84 0.20 14 12 68 126 212 245 
    - - - - -   +++ ++ 
Polygonum aviculare 9 0.33 0.07 0 0 124 104 138 559 
         ++ 
Juncus bufonius 8 0.30 0.04 0 65 0 176 217 157 
Reseda lutea 8 0.30 0.04 0 195 104 117 145 157 
 
Description of efforts to prevent further salinization or efforts to rehabilitate salt-affected 
areas  
We are presently engaged in further research into the ecophysiology of the mineral nutrition of species 
growing in soils with high levels of anions. Owing to the lack of space, we cannot provide the results 
obtained so far for many species. This study will be soon completed with data for a large number of 
additional  species. 
This ongoing study will serve to increase existing knowledge of the role of the different species to act as 
"green filters" capable of minimizing or preventing pollutants that leach from old landfills reaching streams 
or adjacent ecosystems. 
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